The objective of the work was to know the nutritional contribution of gluten-free bread made with Prosopis nigra flour, and the acceptability measured by celiac and non celiac persons. Gluten-free bread was made from a mixture of corn, rice and Prosopis nigra flours. To achieve better technological characteristics, xanthan gum and whey concentrate were added. A portion of bread (50g) provided 19% of DRO for protein for children aged 4 to 8 years, while for a pregnant or lactating woman, this value reached 5%. Regarding the fibers, 50g of bread covered 16% and 14% of the DRO for these biological moments. The fat requirement was covered by 16% for all biological moments analyzed. The dietary contribution of this bread surpasses in proteins and fiber to the commercial ones. Bread made with Prosopis nigra flour presented a balanced caloric distribution, contributing a high proportion of proteins, fats, dietary fiber (mainly of the insoluble fraction), and low quantity of carbohydrates available, characteristics that make it a recommendable product for celiac persons in different biological moments.
Introduction
Celiac disease is caused by a permanent intolerance to a kind of proteins (prolamins) which are present in cereals like wheat, oats, rye and barley. On general, the gluten-free flours and starches are refined (Huerta et al., 2016) , so they lose nutritional value at the expense of protein (O'Shea et al., 2014) vitamins, minerals, and fiber. The incorporation of new raw materials for the production of gluten-free bakery products improves the dietary contribution of all or some of these macro and micronutrients. One of these new alternatives is the Prosopis nigra flour, since it is a noble product, which not contains toxic prolamins, and is rich in proteins, fiber, and minerals (Galán et al., 2008; Trevisson, 1992) , contributing to the integral dietary treatment of the celiac disease. Moreover, Prosopis nigra flour is a non-traditional ingredient of regional production with distinctive sensory attributes that would make it possible to produce innovative and consumer-acceptable products, since it gives a characteristic flavor and color, similar to chocolate or coffee (Margalef et al., 2012) . On addition, making bread with addition of Prosopis nigra flour would be a strategy to increase the added value of this natural resource of Northwest and Northeast of Argentina.
The production of gluten-free bread implies a technological issue (Segura & Rosell, 2011) , and for this reason, much researches have been conducted to improve the quality of gluten-free breads, and additives such as xanthan gum (XG) and whey concentrate (WC) are very often used. These additives favor the formation of a structure to contain the gases generated during fermentation and baking, simulating the functions of gluten (Kittisuban et al., 2014; Nunes et al., 2009; Sciarini et al., 2012; Lazaridou et al., 2007) . On addition, the whey concentrate could contribute to improve the quantity and quality of bread proteins, thus helping to maintain the nutritional status of the celiac person. Ot should be considered that studied product would be recommended for consumption to celiac persons in the maintenance stage and for the general population.
The hedonic response is related to the technological quality of the product and therefore has been extensively studied in gluten free bread products. On the present study, global acceptability and acceptability by attributes in celiac and non-celiac consumers were measured, since the product is recommended for the entire population. On this regard, it is important to take as a reference that other authors consider that gluten-free formulations that reach hedonic scores equal or greater than 5 (measured at 9-point scales), should be considered very acceptable (Kittisuban et al., 2014; Lazaridou et al., 2007) .
Therefore, the present work has as main objective to know the nutritional contribution of gluten-free bread made with Prosopis nigra flour, and the acceptability measured by celiac and non celiac persons.
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Materials
The bread was made from the mixture of three gluten-free flours: maize (55 g/100 g blend), rice (43 g/100 g blend) and Prosopis nigra flour (2 g/100 g blend). All the flours were provided by Dietética Científica, Buenos Aires, Argentina. The Table 1 summarizes the flours chemical composition.
On addition, the following gluten-free ingredients were used for the formulation: high oleic sunflower oil (Molinos Cañuelas, Argentina), Whole Milk (Sancor, Argentina), whole fresh egg, sugar type A (Ongenio Rio Grande, La Mendieta, Jujuy, Argentina), Salt (TOMBO S.A., Argentina), instant powder yeast (Lesaffre S.A., Argentina).
Moreover, the bread was elaborated with addition of hydrocolloids: xanthan gum (XG) (Fufeng, Group Company Limited, China) and whey protein concentrate (WPC) (Milkaut, Argentina), in a proportion of 2% w/w of flours mix each.
Methods

Chemica l composition and caloric value of gluten-free flours
Moisture, ash, crude fat and proteins were analyzed following the Association of Official Analytical Chemists (1990) 
The total calorific value was obtained by summing the resulto of the multiplication of the mean values of digestible carbohydrates and protein by 4, and the mean value of lipids by 9 (Atwater factors) (Souci et al., 2000) .
Baking test
Ongredients were mixed (15 min), kneaded and rolled in the commercial bread maker machine (Moulinex -home bread). The dough was fermented (27C-95 min), kneaded (30 min), and it was baked at 150 °C for 60 min. Finally, the breads were cooled to room temperature (120 min).
Chemical composition and calorific value of gluten-free bread
Gluten-free bread pieces were analyzed to determine moisture, ash, crude fat and proteins were analyzed following the Association of Official Analytical Chemists (1990) The calorific value was calculated in the same way previously described in item 2.2.1.
Percent of the Dietary Reference Intakes (%DRI)
For the calculation of %DRO, Equation 2 was applied.
The reference values correspond to the Dietary Reference Ontake for Energy, Carbohydrates, Fibers, Fats and Proteins (National Academy of Science, 2005) , published by the Onstitute of Medicine of the National Academies. The calculations were performed in a differentiated way according to the requirements of adult man, adult woman, child of 4 to 8 years and woman in pregnancy or lactation.
Ot was considered that a serving of bread is equivalent to 50 g of product.
( )
were: B = g of carbohydrate or protein or fat or fiber provided by a serving of bread. DRO = recommended intake (g/day) of carbohydrate or protein or fat or fiber.
% = percentage of the DRO covered by a serving of bread
Acceptability
Overall acceptability and for attributes (texture, taste and color) were measured by 55 consumers (31 to 40 years old, 67% female), of whom 27 were people with a diagnosis of celiac disease at the time of the study, and 28 were non celiac persons. To determine the overall hedonic score and for each of the attributes, we worked with a hedonic scale of seven points, where 1 = "O dislike much" and 7 = "O like it a lot".
Statistical analyses
The data were organized in the form of tables and figures. The data are presented with mean values and standard deviations. To detect significant differences between the means of the acceptability 
Results and discussion
Chemical composition of gluten-free flours
The Table 1 summarizes the data of the chemical composition of the gluten-free flours used in this work.
Prosopis nigra flour is rich in monosacharides and disaccharides such as fructose, glucose and sucrose (40-50%), which confer the characteristic sweet taste to the flour (Tucci, 2014; Margalef et al., 2012) , and convert it into high-energy food (346 kcal/100 g - Table 1 ). The prosopis nigra flour provides an important contribution of proteins (13.0 ± 0.1 g/100 g) (Table 1) , which must be supplemented with cereals to improve the profile of essential amino acids. Regarding fats, this flour provides a moderate amount (4.8 ± 0.2 g/100 g), and excellent quality. Other authors reported the presence of essential fatty acids, mainly linoleic and oleic (Tucci, 2014; Margalef et al., 2012) . On relation to the fiber, the Prosopis nigra flour contributes approximately 16.6 ± 0.1 g/100 g, with predominance of the insoluble fraction (Table 1) . Ot also has other polysaccharides such as galactomannans and lignin that confer potential as a prebiotic for the intestinal flora (Tucci, 2014; Margalef et al., 2012) .
On Rice flour, the carbohydrates are the most abundant constituents, with an approximate starch content of 84 g/100 g ( Table 1 ). The starch determines the properties and functionality of this flour, and these are dependent on the amylose / amylopectin ratio (60/40) (León & Rosell, 2007) . Protein is the second constituent in rice flour, although it is one of the protein poorest cereals (3.1 ± 0.1 g/100 g) ( Table 1 ). The lipid and TDF contents are lower than the Prosopis nigra flour (Table 1) , but both nutrients play a very important role in the sensory and functional characteristics of rice flour: the lipids associated to the starch significantly affect the pasting properties and other functional characteristics of the rice starch (León & Rosell, 2007) .
Corn flour contains 70% starch and 8% protein ( Table 1) . The fat and TDF contents were moderate. Corn flour is used to make cookies, biscuits, corn bread, meat emulsions, etc., giving a particular texture to gluten-free products.
Corn flour is one of the least-favored by-products of the grain. However, it is used in the manufacture of cookies, biscuits, cornbread, meat emulsions, etc., giving a particular texture to gluten-free products (León & Rosell, 2007; Onternational Life Sciences Onstitute, 2006) . Ot contains 70% starch and 8% protein ( Table 1) . The fat content is moderate, mainly providing linoleic acid (Omega 6) (León & Rosell, 2007) . Since it is a whole meal, the TDF contribution was 7.3 ± 0.1 g/100 g, with predominance of the insoluble fraction (Table1).
Chemical composition and calorific value of gluten-free bread
Next, Table 2 shows the results of the chemical composition of bread, and Figure 1 presents the caloric distribution of the Prosopis nigra gluten-free bread.
The energy intake of 100 g of bread was 231 kcal (caloric density = 2.31 kcal/g) ( Table 2) , with a balanced caloric distribution (Figure 1 ).
The bread provided 7.5 ± 0.1 g/100 g of proteins (13.7 g/100 g d.b.). This value far exceeded those published by Segura & Rosell (2011) when analyzing the average composition of eleven commercial gluten-free breads, and by Ledesma & Milde (2010) and Yazynina et al. (2008) . These authors observed that gluten-free loaves generally have very low protein content, which ranged from 2.5 to 6.8/100 g (d.b.). This was due to the use of starches (maize, potato, cassava, rice) as the main ingredient in the production of most commercial breads, (Segura & Rosell, 2011) . Unlike them, Prosopis nigra bread was made from three flour mixture, with addition egg, milk and WC, which favored protein intake.
Related to fats, the gluten-free bread contributed 9.9 ± 0.1 g/100 g (18.2 g/100 g d.b.), exceeding the values published by other authors, which varied between 1.6 and 11.1 g/100 g d.b. (Segura & Rosell, 2011; Ledesma & Milde, 2010; Del Castillo et al., 2009; Yazynina et al., 2008) . This result may be due to the fact that, unlike other formulations, whole flours (no starches), egg, whole milk and whey concentrate were used in this study. The bread with Prosopis nigra flour presented 1.3 ± 0.1 g/100 g (2.4 g/100 g d.b.) for ashes (Table 2) , similar to those reported for the average composition of commercial gluten-free breads by Segura & Rosell (2011 ), Del Castillo et al. (2009 , and Ledesma & Milde (2010) (2.9 ± 0.1 g/100 g d.b., 2.1 ± 0.1 g/100 g d.b., and 1.6 to 2.4 g/100 g d.b., respectively). Ot should be noted that in the bread studied in this work, flours were used that provide minerals of the grain´s pericarp, milk and low amount of sodium chloride (ClNa: 2% w/w of flour mixture), unlike commercial breads where most of the minerals were supplied by ClNa, raising agents, and chemical preservatives (Segura & Rosell, 2011) .
The amount of total dietary fiber (TDF) provided by bread with addition of Prosopis nigra was 7.9 g/100 g (14.4 g/100 g d.b.) ( Table 2 ). This value far exceeds those published by Ledesma & Milde (2010) (0.7-3.4 g/100 g), Del Castillo et al. (2009) (1.8±0.1 g/100 g) and Thompson (2000) (1.2-5.6/100 g). Segura & Rosell (2011) found similar values (3.6-7.2 g/100 g) to those of the present study, but differed in the proportion of soluble and insoluble fibers. Prosopis nigra bread with addition of WC and XG, resulted in higher total fiber content due to the use of whole flours and the addition of the hydrocolloid. On general, the literature emphasizes that gluten-free breads provide a good amount of fiber, especially the soluble fraction, by the addition of hydrocolloids such as xanthan gum, guar gum, CMC, HPMC, pectin or a combination thereof. (Segura & Rosell, 2011; Korus et al., 2009 ). The non-addition of gums is reflected in a significant drop in the fiber supply: Ledesma & Milde (2010) , reported values for TDF of 0.7 to 3.4 g/100 g in breads with mixtures of cassava flour and starch.
On the present investigation, the soluble fiber fraction was 1.1g/100 g (2.1 g/100 g d.b.), being lower than the values published by Segura & Rosell (2011) for most of the commercial gluten-free breads studied (2.5-4.3 g/100 g), and higher than those reported by Korus et al. (2009) (1.2-1.5 g/100 g d.b.). As mentioned previously, the commercial breads have soluble fibers provided by the gums used as technological improvers, but in the case of the bread elaborated in this study, the contribution in soluble fibers could come from xanthan gum and galactomannans of the flour (although they are in small proportion).
Onsoluble dietary fiber (ODF) represented the predominant fraction in the sample studied (6.7 g/100 g, 12.4 g/100 g d.b.), which far exceeded the values reported in the literature (1.5-4.3 g/100 g d.b., and 2.8-4.9 g/100 g d.b., Segura & Rosell, 2011 and Korus et al., 2009, respectively) , since mixtures of starches or modified starches were used for gluten-free bakery. The ODF contribution of corn, rice and Prosopis nigra flours was responsible for this result, in addition to the possible existence of resistant RS3 starch, formed from retrograded starches. Segura & Rosell (2011) pointed out that only one of the commercial breads exceeded the average in ODF, reaching 4.3 g/100 g (d.b.), because maize flour was added to the formulation.
Only for comparison purposes, it is important to note that wheat bread provides 0.8, 3.1, and 3.8 g/100 g of ODF, SDF and TDF respectively (Saura-Calixto et al., 2000) .
On relation to carbohydrates, bread with Prosopis nigra flour provided 27.9 g/100 g (51.2 g/100 g d.b.) (Table 2), which was markedly lower than that found in the literature (75.6-92.5 g/100 g, according to Segura & Rosell, 2011, and 41 .9 g/100 g according to Del Castillo et al., 2009 ). The marked difference in the amount of available carbohydrates (starch and sugars) compared to other gluten free breads is explained by the nature of the ingredients used. The low proportion of available carbohydrates is relevant to recommend the consumption of this bread for other population groups, with different non-communicable chronic diseases.
The bread made for this study will be recommended for celiac people in asymptomatic period (without distention and / or diarrhea) and with good recovery of the intestinal functioning, since the bread contains fibers and lactose.
Percentage of the dietary reference intake.
Given the particularities in the chemical composition, this bread can be recommended for celiac and non-celiac people at different biological moments. Therefore, the percentage of the Dietary Reference Ontakes (% DRO) (Table 3 ) and, additionally, Table 3 . Dietary Reference Ontakes (% DRO) for protein, fat and fiber covered by a portion (50g) of bread made with Prosopis nigra flour and addition of whey concentrate and xanthan gum, according to biological moments. the Percent Daily Value (% DV) (Table 4) covered by a 50g portion of bread, are analyzed. Regarding proteins, a portion of bread with Prosopis nigra flour, covers 20% of the DRO for children between 4 and 8 years old, a relevant fact considering that this age group presents great need of this nutrient because it is in the growth stage.
The %DRO covered by a serving of bread, for adult men and women varies from 7% to 8% (Table 3) , which represents a significant contribution, based on the estimate that the average bread consumption is 200 g/day (Lezcano, 2011) . For the pregnant or breastfeeding woman, the protein contribution drops to 5%. However, for these biological moments it is important to recommend high biological quality proteins from other food sources that complement the diet.
The fat contribution reached 16% (Table 3) , so it would be important to determine and differentiate the proportion saturated and unsaturated fats to recommend their consumption in people with pathologies related to fat metabolism.
On relation to TDF, the bread studied would contribute more than 10% of the DRO for all biological moments analyzed, which was considered appropriate, since traditional wheat bread only provides between 4 and 6% of the reference intakes (Oshida & Steel, 2014) . On addition, daily consumption of vegetables, fruits and whole grains should be recommended to achieve an adequate supply of fibers.
Additionally, Table 4 presents the percent of Daily Value (% DV) covered by a portion of bread. This %DV was calculated since it represents one of the necessary requirements for nutritional labeling in Argentina.
A Prosopis nigra bread serving covers 6% of the energy value (Table 4) . Ledesma & Milde (2010) found that a bread of corn and soybean flour and cassava starch, contributed 10% of the DV, and the difference was due to the fact that it provided more available carbohydrates than the Prosopis nigra bread.
The 5% of the DV was covered by proteins, a proportion almost identical to that published by Ledesma & Milde (2010) (4.5%). Ot should be noted that the percent Daily Value for proteins was markedly lower than that discussed above for DRO (Table 3) . This difference was simply due to the fact that the DRO considers different recommendations according to the biological moment (being higher for the pregnant and breastfeeding woman), and the Daily Values are a reference used in nutritional labeling, and are calculated based on a diet of 2000 kcal. Table 5 presents the results referring to global acceptability and for attributes, whether this has been measured by celiac or non-celiac consumers.
Ot should be noted that no differences were detected when comparing the scores recorded for the bread by celiac and non-celiac consumers (p <0.05), which means that the product was equally pleasing for both population groups. This is a very relevant fact, since were expected that non-celiac consumers attribute lower scores, since perhaps the samples did not have the likely characteristics for them. On turn, the celiac participants gave very good scores to the product, which become relevant since that it is a very demanding population group, and also because in general, the gluten-free breads are considered of low technological quality (Gallagher et al., 2004) .
Ot is noteworthy that other authors consider that gluten-free formulations that achieve hedonic scores equal to or greater than 5 (measured in 9-point scales), should be considered very acceptable (Kittisuban et al., 2014; Lazaridou et al., 2007) . This confirms that the loaves with Prosopis nigra flour, achieved excellent scores. Regarding what was reported in other investigations, Kittisuban et al. (2014) , found that breads made with rice starch, yeast β-glucans, HPMC and whey protein concentrate showed a general acceptability of 5.7±1.3 on the 9-point hedonic scale; whereas Lazaridou et al. (2007) , observed that the bakeries of rice flour, corn starch and sodium caseinate presented a score of 6.5 on a 9-point scale, increasing to 7 by adding 2% of xanthan gum and decreasing to 6.2 by adding 1% of this hydrocolloid.
Conclusions
A portion of bread (50 g) provided 19% of DRO for protein for children aged 4 to 8 years, while for a pregnant or lactating woman, this value reached 5%. Regarding the fibers, a serving of bread covered 16% and 14% of the DRO for these biological moments. The fat requirement was covered by 16% for all biological moments analyzed.
As for the percent daily value, one serving of gluten-free bread covered 6% of energy, 5% of protein, 6% of fats and 16% of fiber.
The dietary contribution of this bread surpasses in proteins and fiber to the commercial ones. The general acceptability was close to 6 points (O like), and it did not differentiate between celiac and non-celiac consumers. The attributes did not present differences.
On conclusion, the bread made with Prosopis nigra flour presented high acceptability, a balanced caloric distribution, contributing a high proportion of proteins, fats, dietary fiber (mainly of the insoluble fraction), and low quantity of carbohydrates available, characteristics that make it a recommendable product for celiac persons in different biological moments.
